The chemical composition of an essential oil of oregano (Origanum vulgare L.) from Bosnia was analyzed by GC/FID and GC-MS. In total, 33 constituents were identified and carvacrol (66.2%), p-cymene (9.1%), γ-terpinene (7.3%) and β-caryophyllene (4.1%) were found to be the main compounds. In addition, olfactory evaluation data of the sample and correlations with the odor attributes of the single components are presented to explain the complex aroma impression of this essential oil.
The genus Origanum (Family Lamiaceae) is widely distributed in the Mediterranean, Euro-Siberian and Irano-Siberian regions, and is comprised of over 43 species. The various oregano species are applied mostly in traditional medicine and the food industry, while their essential oils are used in perfumery, cosmetics and medicine [1] . The major components of the essential oils from different oregano chemotypes are the phenolics, thymol and carvacrol [2] . Oregano oil is reported to possess antimicrobial and antioxidant effects [2, 3] , which are attributed to the greatest extent to thymol and carvacrol [4] .
The antioxidant effect of phenolic compounds is mainly due to their redox properties and is the result of various possible mechanisms: free-radical scavenging activity, metal-chelating activity, and/or singlet-oxygen-quenching capacity [5] . They are also known to play an important role in stabilizing lipid peroxidation and in inhibiting various types of oxidizing enzymes [6] , which in turn are responsible for the production of the superoxide radical. The presence of antioxidant phenolic constituents in many spices underlies their food-preserving properties [7] . The stabilizing effect of thymol and carvacrol in two lipid systems, purified triacylglycerols of lard and of sunflower oil, are also reported [4] . Traditionally, synthetic phenolic compounds such as butylated hydroxytoluene (BHT) and butylated hydroxyanisole (BHA) have been used as antioxidants in fat-containing formulations, but their harmlessness is now considered a controversial point [8] . Therefore, the finding of naturally occurring antioxidants turns into a cutting-edge research topic in pharmaceutical and food spheres. The additional uses of oregano and oregano oil are multidimensional. They have been found helpful in combating diarrhea, intestinal gas, and digestive problems, as well as sore throat and breathing difficulties. Oregano oil can be of immediate help against bee stings and many venomous bites until medical attention can be reached. Oil of oregano has even been suggested as a treatment for dandruff, diaper rash, and other skin disorders.
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Using GC/FID and GC-MS, 33 compounds (98.8% of the total) of O. vulgare essential oil from Bosnia were identified, with carvacrol (66.2%), p-cymene (9.1%), γ-terpinene (7.3%) and β-caryophyllene (4.1%) the main constituents ( Table 1) . Evaluations of odor attributes of the single constituents by correlation with published data explain the complex aroma impression of this oregano sample (Table 1 ).
In the DPPH test the ability of a compound to act as a donor of hydrogen atoms or electrons was measured spectrophotometrically. Table 2 shows the concentrations of oregano oil, carvacrol, thymol, rutin, ascorbic acid, BHT and BHA resulting in 50 % inhibition of the free radical DPPH (IC 50 ). Compared to carvacrol, the major phenolic component of the essential oil, oregano oil itself disclosed a more significant antiradical activity with regard to the DPPH radical (IC 50 = 53.8 μg/mL compared to 185.0 μg/mL for carvacrol and 560.0 μg/mL for thymol). The differences could be attributed to the synergism established between the phenolic constituents of the oil. Compared to the other antioxidants studied, oregano oil demonstrated a weaker antiradical effect.
Hydroxyl radicals are generated in a reaction mixture containing ascorbate, hydrogen peroxide and iron III-EDTA at pH 7.4 and measured by their ability to degrade the sugar deoxyribose [9] . The addition of oregano oil to the reaction mixture shielded deoxyribose against degradation by eliminating the highly reactive hydroxyl radicals (OH•) (Figure1). Data revealed that oregano oil was a capable scavenger of OH•, on competitive terms with 2-deoxy-D-ribose, and that the scavenging effect intensified parallel to the increase in concentration up to 71.6% at 1.0 μg/mL concentration, while the major individual component of the essential oil, carvacrol, produced 73.2% inhibition of OH• at 25.0 μg/mL, and thymol 80.4% at 1.0 μg/mL (Figure 1 ). Substantially weaker was the antioxidant activity of quercetin (77.8% at 20 μg/ml). The four antioxidants in the study were arranged by their antioxidant effect (expressed as IC 50 ) in descending order as follows: thymol -0.23 µg/mL (R 2 = 0.982), oregano oil -0.31 µg/mL (R 2 = 0.988), quercetin -4.6 µg/mL (R 2 = 0.834), carvacrol -8.00 µg/mL (R 2 = 0.987). The same analytical method could also be applied for studying the inhibitory power of oregano oil against the metal ion-dependant generation of OH•, and not only for assaying the ability of capturing already formed radicals. deoxyribose in a site-specific manner. Only molecules that are able to chelate Fe ions and make them inactive may inhibit the degradation of deoxyribose. Figure 1 (without EDTA) shows that oregano oil, thymol, carvacrol and quercetin are scavengers of OH• and manifest chelative properties, which are most strongly expressed in the case of thymol. Like most radicals, OH• can be neutralized by a hydrogen atom. The capture of OH• by oregano oil is attributed to the hydrogen-donating ability of carvacrol and thymol.
When
Superoxide is biologically important since it can be decomposed to form stronger oxidative species such as singlet oxygen and hydroxyl radicals [10] . Superoxide anions indirectly initiate lipid oxidation as a result of superoxide and hydrogen peroxide, serving as precursors of singlet oxygen and hydroxyl radicals. Xanthine-xanthine oxidase is the system that is often used as a generator of superoxide radicals. The superoxide anion scavenging activity of oregano oil and BHT is presented in Table 3 . The reduction in the optical density at 560 nm in the presence of antioxidants suggested that superoxide radical scavenging had occurred, and the introduction of oregano oil to the reaction mixture achieved 82.7% inhibition, which exceeded the scavenging activity of the synthetic antioxidant.
The assay of the inhibitory effect of oregano oil upon lipid peroxidation was conducted in a model system comprised of linoleic acid emulsion. The antioxidant capacity was evaluated consecutively by studying the inhibitory effect both at the early stage of linoleic acid autoxidation, and at the emergence of secondary oxidized products, expressed in terms of malonaldehyde. Two indicators were referred to, each corresponding to the respective degree of lipid peroxidation -the formation of conjugated dienes and the TBARS. The impact of oregano oil on lipid peroxidation was assessed at 37°C.
Our study identified the concentration dependency of oregano oil's antioxidant action. With the increase of concentration from 0.01% to 0.05% the inhibitory effect on lipid peroxidation also increased throughout the entire study period (Figure 2A) . The most intensive peroxidation of linoleic acid was on the fifth day of incubation, established by conjugated dienes formation. At the specified moment of incubation, oregano oil at 0.05% concentration inhibited the process by 46.5% compared to 35.2% inhibition achieved by 0.01% BHT. The most significant impact of antioxidants on linoleic acid autoxidation was reported on the eighth day of the study (69.0% inhibitory effect was accomplished by oregano oil at 0.05% concentration, opposed to 61.9% inhibition by 0.01% BHT). The inhibition of conjugated dienes formation by the weaker of the concentrations studied, 0.01% oregano oil, was 52.4%.
The second reference used for the determination of secondary oxidized products from linoleic acid (TBARS) indicated peak accumulation of malonaldehyde, as in the previous case, on the fifth day of linoleic acid incubation ( Figure 2B) , suggesting that the process ran in a nearly analogous manner to the formation of conjugated dienes. On the eighth day of the study, the antioxidants had produced inhibitory effects of 73.1% by oregano oil (0.05%) and 74.6% by BHT (0.01%). The weaker oregano oil concentration applied, 0.01%, produced 60.4% inhibition of linoleic acid autoxidation by the eighth day of the study. The outcomes from the investigation on the antioxidant activity of oregano oil agreed well with data provided by other authors [3, 4] .
Conclusion:
The essential oil of O. vulgare from Bosnia demonstrated antiradical activity with respect to OH• and DPPH radicals, being a better scavenger of OH• than of DPPH, and acting as a more potent antioxidant than quercetin. Oregano oil revealed chelation-forming properties with regard to Fe 3+ , thus preventing the initiation of hydroxyl radicals. The oil inhibited conjugated dienes formation, as well as the generation of secondary products from lipid peroxidation. The antioxidant properties of oregano oil ascertained by the study expand the scope of its application as a natural preservative in food.
Experimental

Samples:
The essential oil of Origanum vulgare L. from Bosnia is a product from Kurt Kitzing Co., Wallerstein, Germany (number 800604, charge 13164).
The procedures used for GC analysis, GC-MS analysis and for evaluation of antioxidant effects including Statistical analysis are identical to those described by Stoilova et al. [11] .
